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DATA CENTER WITH MULTI-LEVEL ROOF
STRUCTURE

FIELD OF THE RELATED ART

This application relates generally to data centers, and more
particularly to providing a data center having a multi-level
roof structure.

BACKGROUND

Organizations of all types, such as on-line retailers, Inter-
net service providers, search providers, financial institutions,
universities, and other computing-intensive organizations,
conduct computer operations from large scale computing
facilities. Such computing facilities, often referred to as data
centers, house and accommodate a large amount of server,
network, and computer equipment to process, store, and
exchange data as needed to carry out an organization’s opera-
tions. Typically, a data center includes many server racks,
each of which may include many servers and associated com-
puter equipment. Information Technology (IT) operations are
a crucial aspect of most organizational operations. One of the
main concerns is business continuity—companies rely on
their information systems to run their operations. If a system
becomes unavailable, company operations may be impaired
or stopped completely. It is necessary therefore to provide a
reliable infrastructure for IT operations in order to minimize
any chance of disruption. Severe weather conditions such as
earthquakes, tornados or hurricanes can damage or destroy a
data center roof and potentially disrupt the operations of a
large number of the data center’s customers and their data.
Information security is also a concern, and for this reason data
centers offer a secure environment which minimizes the
chances of a security breach.

Further, because a data center may contain a large number
of servers that include many electrical components, a large
amount of electrical power may be required to operate the
facility. The electrical power is distributed to a large number
oflocations spread throughout the computer room (e.g., many
racks spaced from one another, and many servers in each
rack). Electronic components in computer systems such as
integrated circuits, printed circuit boards, mass storage
devices, power supplies, processors, etc. generate excess
heat. As an example, computers with multiple processors may
generate 250 watts of waste heat. Multiply that figure by
several thousand (or tens of thousands) to account for the
amount of computers in a large data center, and one can
readily appreciate the amount of heat that can be generated. A
plurality of larger, multiple-processor computers configured
into rack-mounted components within a racking system can
generate a substantial amount of waste heat. To remedy this,
data centers include mechanisms for waste heat removal from
a plurality of racking systems, typically by circulating air
through one or more of the rack systems. Many data centers
therefore rely on air conditioning systems to maintain the
temperature and other environmental conditions in the data
center within acceptable limits.

A data center must maintain high standards for assuring the
integrity and functionality of its hosted computer environ-
ment. This is generally accomplished through robust struc-
tural design and redundancy, including redundancy of pro-
cessing resources, communication channels, as well as power
and emergency backup power generation.

SUMMARY

The methods and apparatuses described herein include a
data center having a three-level roof structure including an
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2

overarching rainfly roof'to protect the data center from severe
weather events. The three-level roof structure further includes
a secondary roof structure below the rainfly roof structure as
well as a lower redundant roof structure coupled to the sec-
ondary roof structure. The rainfly roof is supported by fram-
ing members including main steel beams and perpendicular
purlins. There are also perpendicular purlins sandwiched
between the lower two roof structures. In one embodiment,
the purlins of the rainfly roof are offset from the purlins
between the lower two roof structures such that any airborne
object during a severe weather event can become lodged into
one or more of the sets of offset framing members to keep it
from penetrating all three roof levels.

A data hall within the data center has a ceiling below the
lower redundant roof structure and is adapted to store a plu-
rality of cabinets to hold electronic equipment. In one
embodiment, the lower redundant roof structure is coupled
with the secondary roof structure using an airtight seal such
that the data center is airtight allowing for the data hall below
to be positively pressurized to facilitate air flow through the
electronic equipment. Heated air emitted from the electronic
equipment is conducted through into a hot air return region
above the data hall ceiling while cold air is supplied to the
electronic equipment below the data hall ceiling. The data
center may also include ventilation at both ends of the data
center as well as an exterior drainage system coupled with the
rainfly roof to drain rainwater away from the data center.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features will become apparent
to those ordinarily skilled in the art upon review of the fol-
lowing description of specific embodiments of the invention
in conjunction with the accompanying figures, in which:

FIG. 1 depicts an example of a data center according to one
embodiment.

FIG. 2 depicts an example side view of a data center
according to one embodiment.

FIG. 3 depicts an example roof system according to one
embodiment.

FIG. 4 depicts an example side view of a data center
according to one embodiment.

FIG. 5 depicts an example hot air return region according to
one embodiment.

FIG. 6A depicts an example rainfly cavity according to one
embodiment.

FIG. 6B depicts an example rainfly cavity according to one
embodiment.

FIG. 7 depicts a side view of the framing members of the
three roof structures of the data center according to one
embodiment.

FIG. 8 depicts an example process of protecting electronic
equipment in a data center according to one embodiment.

DETAILED DESCRIPTION

For the purposes of explanation, numerous specific details
are set forth throughout this description in order to provide a
thorough understanding. It will be appreciated, however, by
persons skilled in the art that the embodiments described
herein may be practiced without some of these specific
details. In other instances, well-known structures and devices
are shown in block diagram form to avoid obscuring the
underlying principles of the various embodiments.

Methods and apparatuses described herein include a data
center having a three-level roof structure including an over-
arching rainfly roof to protect the data center from severe
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weather events. The rainfly roof can have an arched or gabled
roof structure. The three-level roof structure further includes
a secondary roof structure below the rainfly roof structure as
well as a lower redundant roof structure coupled to the sec-
ondary roof structure. The rainfly roof is supported by fram-
ing members including main steel beams and perpendicular
purlins. There are also perpendicular purlins sandwiched
between the lower two roof structures. In one embodiment,
the purlins of the rainfly roof are offset with the purlins
between the lower two roof structures such that any airborne
object during a severe weather event can become lodged into
one or more of the sets of offset framing members to keep it
from penetrating all three roof levels.

A data hall within the data center has a ceiling below the
lower redundant roof structure. The data hall is adapted to
store a plurality of cabinets of electronic equipment. In one
embodiment, the lower redundant roof structure is coupled
with the secondary roof structure using an airtight seal such
that the data center is airtight allowing for the data hall below
to be positively pressurized to facilitate air flow through the
electronic equipment. The data center may also include a
plurality of air conditioning units located alongside the out-
side of the data center to deliver cool air to the cabinets of
electronic equipment in the data hall. The data center may
also include one or more cold air supply openings located
adjacent to a cold air supply region below the data hall ceiling
and one or more hot air exhaust openings located adjacent to
ahotair return region above the data hall ceiling. The plurality
of cabinets of electronic equipment can be positioned in rows
such that heated air from the electronic equipment conducts
from the cabinets in each row through chimneys in the data
hall ceiling into a hot air return region above. The heated air
then conducts out of the data center through one or more of
the hot air exhaust openings to feed air conditioning units
alongside the data center coupled with the hot air exhaust
openings. Cold air is supplied to the electronic equipment
below the ceiling of the data hall from the air conditioning
units through cold air supply openings.

The data center can also be coupled with a mechanism to
control a plurality of air conditioning units located alongside
the outside of the data center to deliver cool air into the
cabinets of electronic equipment in the data hall. The data
center may also include ventilation at both ends adjacent to
the hot air return region below the rainfly roof of the data
center. This ventilation can be used to prevent or minimize
condensation build up on the bottom side of the rainfly roof,
which could cause the formation of ice or ice dams on the
rainfly roof'that could affect the integrity ofthe roof structure.

In addition, in at least certain embodiments all three roof
structures are designed to be robust and watertight and may
include an exterior drainage system coupled with the rainfly
or secondary roof structures to drain rainwater away from the
data center. The techniques described herein are designed to
provide structural redundancy to protect the contents of the
data center. The three-level roof structure provides three inde-
pendent levels of redundancy for increased protection of the
electronic equipment within the data hall. The secondary and
lower roof structures are designed to remain intact in the event
of a catastrophic rainfly roof failure, for instance, in cases
where the rainfly roof is torn completely off by a severe
weather event such as a tornado or hurricane. Further, the
lower roof structure 320 is also designed to remain intact even
if both of the top two roof structures are damaged or
destroyed. This redundancy provides exceptional structural
protection to the data center for improved protection of the
electronic equipment stored therein.
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As used herein the term data center refers to a facility used
to house computer systems and associated components, such
as telecommunications and storage systems. It generally
includes redundant or backup power supplies, redundant data
communications connections, environmental controls, e.g.,
air conditioning, fire suppression, as well as security devices.
The techniques disclosed herein are intended to be applicable
to adata center of any size. FIG. 1 depicts an example of a data
center according to one embodiment. In this illustration, data
center 100 includes an arched outer roof and low-profile
design for structural integrity in the event of a severe weather
event. Effective data center operation requires a balanced
investment in both the facility and the housed equipment. The
first step is to establish a baseline facility environment suit-
able for equipment installation. Standardization and modu-
larity can yield savings and efficiencies in the design and
construction of telecommunications data centers. Standard-
ization means integrated building and equipment engineer-
ing. Modularity has the benefits of scalability and easier
growth. For these reasons, data centers are generally planned
in repetitive building blocks of equipment, and associated
power and support equipment.

FIG. 2 depicts an example side view of a data center
according to one embodiment. In the illustrated embodiment,
data center 200 includes a rainfly roof structure 201 config-
ured to protect the data center from severe weather events.
The rainfly root 201 includes an arched roof coupled with an
exterior roof drainage system 208 for draining rainwater
away from the data center. The rainfly roof 201 also can
include a fascia panel 223, concrete end wall 211 and concrete
side wall 212. In some embodiments, the fascia panel 223
may be insulated. Also included on the concrete side wall 212
are the cool air supply openings 245 and hot air exhaust
openings 240 discussed above that are used to maintain
acceptable temperatures inside the data center.

FIG. 3 depicts an example roof system according to one
embodiment. In this example, system 300 includes a rainfly
roof 301 having an arched roof built upon a rainfly structure
302 that includes vertical columns 304 and beams coupled
thereto. In alternative embodiments, the rainfly roof 301 can
be any gabled, curved, or bowed structure. Vertical columns
304 provide structural support for the rainfly structure 302
and attach at opposite ends to the main roof support beams
330. As shown, the rainfly columns 304 are assembled
through the secondary and redundant roof structures 310 and
320, respectively. System 300 includes a secondary roof
structure 310 below the rainfly rootf 301 that is coupled with
rainfly columns 304. Taken together, the rainfly structure 302
and the secondary roof'structure 310 define a first region at the
top portion of the data center referred to in the figure as the
rainfly cavity 306. Beneath the lower roof 320 is a ceiling (not
shown) of the data hall where the computer equipment is
stored. In one embodiment, the data hall ceiling is built 15 feet
below the lower roof 320.

System 300 further includes a third, lower roof structure
built below the secondary roof structure referred to as redun-
dant roof structure 320. This lower redundant roof structure
320 can be coupled with the secondary roof structure 310 via
the rainfly columns 304. The lower roof 320 can also be
coupled with the main roof support beams 330 of the data
center building, which are connected to the outer concrete
sidewalls 312 in the illustration. Taken together, the lower
roof structure 320 and the data hall ceiling define a hot air
return region (cavity) of the data center, referred to as the
plenum cavity 350 in the figure. In the preferred embodiment,
the secondary roof 310 and lower roof 320 are flat, although
embodiments are not limited to that as other embodiments are
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contemplated within the scope of this description. For
instance, the secondary and lower roof structures 310 and 320
may be flat or angled. They may also be sloped in the middle
or at either or both sides. They could also be inverted with
respect to the rainfly roof or each other. The specific configu-
ration of the lower two roof structures is not critical to the
embodiments described herein.

In one embodiment, insulation can be sandwiched between
the secondary roof 310 and lower roof 320 to further protect
the electronic equipment stored and maintained in the data
center. There can also be an airtight sealed joint 383 placed at
the intersection of the rainfly columns and roof structures 310
and 320 to make the overall structure airtight allowing the
data hall to be positively pressurized to facilitate air flow
through the cabinets of electronic equipment stored therein.
Together, airtight sealed joint 383 and the insulation between
the lower two roof structures can be used to prevent or mini-
mize condensation from forming on the bottom of the rainfly
roof, which can result in formation of ice dams on the bottom
side of the rainfly roof that could affect the integrity of the
rainfly roof structure.

System 300 further includes a redundant roof drainage
system. In the illustration, rainfly roof structure 301 is
coupled with an exterior drainage system 308. The secondary
roof structure 310 is also coupled with the exterior drainage
system 308. The secondary roof structure 310 includes this
redundant gutter system for emergency roof drainage in cases
of'leaks in the rainfly roof structure 301. As shown, the gutter
system 308 expels water through soffit 313. In one embodi-
ment all three roof structures are designed to be watertight.

In addition to structural protection, data centers also
include mechanisms adapted to remove waste heat from the
facility. FIG. 4 depicts an example side view of a data center
according to one embodiment. This depiction shows the rela-
tionship of the rainfly cavity 406, the hot air return region
(plenum cavity 450), and the cold air supply region 455 of the
embodiments described herein from the outside of the data
center. Data Center 400 is adapted to supply cool air from one
or more air conditioning units located alongside the cold air
supply openings on the outside of the data center to deliver
cool air into the cabinets of electronic equipment in the data
hall as shown and described in U.S. Pat. No. 8,180,495,
entitled “Air Handling Control System for a Data Center,” the
disclosure of which is incorporated by reference in its entirety
as well as the applications it claims priority to including U.S.
Provisional Application No. 61/040,636 entitled “Electronic
Equipment Data Center or Co-Location Facility Designs and
Methods of Making and Using the Same,” filed on Mar. 28,
2008 and U.S. patent application Ser. No. 12/138,771 entitled
“Electronic Equipment Data Center or Co-location Facility
Designs and Methods of Making and Using the Same,” filed
Jun. 13, 2008, which claims priority to U.S. Provisional
Application No. 60/944,082 entitled “Electronic Equipment
Data Center or Co-location Facility Designs and Methods of
Making and Using the Same,” filed Jun. 14, 2007. As shown
in FIG. 4, cold air can flow into the data center 400 through
cold air intake openings 455 and hot air can flow out of the
data center through the hot air return openings 450. The hot
air flowing through the hot air return openings can be used to
feed air conditioning units positioned alongside the data cen-
ter and coupled with the hot air return openings 450. Like-
wise, cold air can be provided to the data center from the
adjacent air conditioning units through the cold air intake
openings 455 coupled therewith. In at least certain embodi-
ments, the rainfly cavity is unconditioned.

FIG. 5 depicts an example of the hot air return region
according to one embodiment. In the illustrated embodiment,
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the hot air return region (plenum cavity) 550 is located above
the data hall ceiling (plenum floor) 560 and below the lower
redundant roof 520. As shown, there can be one or more heat
chimneys 542 positioned through the plenum floor 560 to
conduct heated air out of the data hall through the data hall
ceiling 560 into the hot air return region 550 above in order for
the heated air to eventually conduct out of the data center
through one or more hot air exhaust openings 540 located on
the sides (in the concrete side walls 512) of the data center. In
one embodiment, the hot air exhaust openings 540 feed the
heated air into the plurality of air conditioning units discussed
previously. There is also shown in the figure the main struc-
tural columns 570 running down from the main roof beams
530 down into the data hall through the hot air cavity 550.
There can also be an insulation layer (not shown) between the
secondary roof structure and the lower redundant roof struc-
ture 520.

FIG. 6A depicts an example rainfly cavity according to one
embodiment. The plenum cavity 550 shown in FIG. 5 is
located below the lower roof of the three-level roof structure,
which is below the rainfly cavity 606. As depicted in this
embodiment, rainfly cavity 606 is located above the second-
ary roof system 610, which is further located above the lower
roof structure and the hot air return region shown in FIG. 5.
The rainfly cavity 606 includes rainfly roof 601, rainfly struc-
ture 602, rainfly columns 604, and framing members 622
including main support beams and perpendicular purlins. In
one embodiment, the purlins of the rainfly roof 601 are offset
with purlins sandwiched between the secondary roof 610 and
the lower roof structure such that large airborne objects
resulting from a hurricane or tornado will get lodged in one or
more of the sets of framing members to keep it from penetrat-
ing all three rooflevels. This is shown in FIG. 7, which depicts
a side view of the framing members of the three roof struc-
tures of the data center according to one embodiment. That
embodiment shows purlins 733 of the rainfly roof configured
offset from the purlins 734 between the lower two roof struc-
tures 710 and 720.

Intheillustrated embodiment, the rainfly roof 601 is shown
as an arched structure; however, as discussed above, the rain-
fly roof structure does not have to be explicitly arched. In
addition, vents (not shown) can be provided on each end of
the data center on the concrete walls 611 for ventilation of the
rainfly cavity to prevent condensation build up on the rainfly
roof 601. FIG. 6B depicts an alternative view of the rainfly
cavity in one embodiment. In the illustration, rainfly cavity
606 includes rainfly roof 601 and the rainfly structure 602
located above the secondary roof system 610. As discussed
previously, the secondary roof system 610 can include a sec-
ondary gutter system 608. Other embodiments include a fas-
cia structure 625 configured to support fascia panel 623.

FIG. 8 depicts an example process of protecting electronic
equipment in a data center. Process 800 begins at operations
801 through 805 where the three levels of roof structures are
provided (rainfly, secondary and lower roof structures).
Those roof structures are provided to shield the data center
and all of its contents from rainwater and other more extreme
weather events such as hurricanes, earthquakes or tornados.
In one embodiment, insulation is provided between the sec-
ondary and lower redundant roof structures. Process 800 con-
tinues by providing a ceiling below the lower roof structure
(operation 807). After all the structures are provided, cool air
can be supplied into the data hall of the data center (operation
809) and hot air can be conducted out of the data center
(operation 811). As discussed above, this can be accom-
plished through one or more cold or hot air openings located
along the side of the data center and appropriately positioned
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below and above the data hall ceiling (plenum floor) respec-
tively. This completes process 800 according to one illustra-
tive embodiment.

Although described with reference to the preferred
embodiments thereof, it will be readily apparent to those of
ordinary skill in the art that modifications in the form and
details of the disclosed embodiments can be made without
departing from the spirit and scope thereof. Further, embodi-
ments disclosed herein may include various operations as set
forth above, or fewer or more operations; or operations in an
order different from the order described. Accordingly, the
scope should be judged in terms of the claims which follow as
well as the legal equivalents thereof.

What is claimed is:

1. A data center comprising:

a rainfly roof configured to protect the data center from
adverse weather events disposed upon a rainfly structure
having vertical support columns and a first set of framing
members;

a secondary roof structure disposed below the rainfly roof
structure and coupled thereto by the vertical support
columns;

a lower roof structure disposed below the secondary roof
structure and coupled thereto by the vertical support
columns; and

a second set of framing members disposed between the
secondary and lower roof structures, wherein at least a
part of the first set of framing members are offset from at
least a part of the second set of framing members.

2. The data center of claim 1, wherein the first and second
sets of framing members each comprise main support beams
and purlins, the purlins being coupled perpendicularly to the
main support beams.

3. The data center of claim 2, wherein the purlins of the first
and second sets of framing members are offset to mitigate
damage to the data center when an airborne objects striking
the data center during severe weather becomes lodged in one
or more of the sets of framing members.

4. The data center of claim 3, wherein the purlins of the first
framing members are parallel to the purlins of the second
framing members.

5. The data center of claim 1, further comprising a data hall
within the data center having a ceiling disposed below the
lower roof structure, wherein the data hall is adapted to store
a plurality of cabinets to hold electronic equipment therein.

6. The data center of claim 5, further comprising one or
more heat chimneys to conduct heated air out of the data hall
through the ceiling into a hot air return region above such that
the heated air escapes the data center through one or more hot
air exhaust openings.

7. The data center of claim 6, wherein the cabinets of
electronic equipment are positioned in a plurality of rows
such that heated air conducts from the electronic equipment
in each row through the chimneys into a hot air return region
above the data hall ceiling.

8. The data center of claim 6, further comprising:

one or more cold air supply openings located adjacent to a
cold air supply region below the ceiling of the data hall;
and

one or more hot air exhaust openings located adjacent to
the hot air return region above the ceiling of the data hall.

9. The data center of claim 8, wherein the data center is
coupled with an apparatus to control a plurality of air condi-
tioning units located alongside the outside of the data center
adapted to be coupled with the cold air supply openings to
deliver cool air into the data hall.
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10. The data center of claim 9, wherein the hot air exhaust
openings feed the heated air into the plurality of air condi-
tioning units.

11. The data center of claim 5, wherein the secondary and
the lower roof structures are coupled together using an air-
tight sealed joint allowing the data hall to be positively pres-
surized to facilitate air flow though the electronic equipment.

12. The data center of claim 1, wherein the secondary and
lower roof structures are adapted to remain intact in the event
of a rainfly roof structure failure.

13. The data center of claim 1, wherein the lower roof
structure is adapted to remain intact in the event of failure in
both the rainfly and secondary roof structures.

14. The data center of claim 1, further comprising an insu-
lation layer coupled between the secondary and lower roof
structures.

15. The data center of claim 1, further comprising an exte-
rior drainage system coupled with the rainfly roof to drain
rainwater away from the data center.

16. The data center of claim 1, wherein the secondary roof
structure includes a second redundant drainage system dis-
posed thereon adapted to drain rainwater away from the data
center in case of leaks in the rainfly roof structure.

17. The data center of claim 1, draining excess rainwater
away from the data center using a secondary roof structure
below the rainfly roof structure in case of leaks in the rainfly
roof structure, the secondary roof structure having a second
drainage system.

18. The data center of claim 1, wherein all of the rainfly
roof, the secondary roof structure and the lower roof structure
are watertight.

19. A method for protecting electronic equipment in a data
center comprising:

shielding the data center from adverse weather events

using a rainfly roof structure having vertical support
columns and a first set of framing members;

providing a secondary roof structure disposed below the

rainfly roof structure and coupled thereto by the vertical
support columns;

providing a lower roof structure disposed below the sec-

ondary roof structure and coupled thereto by the vertical
support columns; and

providing a second set of framing members disposed

between the secondary and lower roof structures; and
offsetting at least a part of the first set of framing members
from at least a part of the second set of framing members.

20. The method of claim 19, wherein the first and second
sets of framing members each comprise main support beams
and purlins, the purlins being coupled perpendicularly to the
main support beams.

21. The method of claim 20, further comprising offsetting
the purlins of the first and second sets of framing members to
mitigate damage to the data center from airborne objects.

22. The method of claim 21, wherein the purlins of the first
framing members are parallel to the purlins of the second
framing members.

23. The method of claim 19, further comprising storing a
plurality of cabinets holding electronic equipment in a data
hall having a ceiling disposed below the lower roof structure.

24. The method of claim 23, further comprising conducting
heated air out of the data hall through the ceiling into a hot air
return region above using one or more heat chimneys such
that the heated air escapes the data center out through the hot
air exhaust openings.

25. The method of claim 23, further comprising position-
ing the cabinets of electronic equipment in a plurality of rows
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such that heated air is emitted from the electronic equipment
in each row into the hot air return region above the data hall
ceiling.

26. The method of claim 23, further comprising supplying
cool air to the data hall through one or more cold air supply
openings located adjacent to a cold air supply region below
the ceiling of the data hall.

27. The method of claim 26, further comprising controlling
aplurality of air conditioning units to be located alongside the
cold air supply openings on the outside of the data center to
deliver the cool air into the data hall.

28. The method of claim 27, further comprising feeding the
heated air into the plurality of air conditioning units from the
hot air exhaust openings further.

29. The method of claim 19, further comprising providing
an insulating layer between the secondary and lower roof
structures.
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30. The method of claim 19, further comprising:

coupling the secondary and the lower roof structures

together using an airtight sealed joint; and

positively pressurizing the data hall to facilitate air flow

though the electronic equipment.

31. The method of claim 19, further comprising designing
the secondary and lower roof structures to remain intact in the
event of a rainfly roof structure failure.

32. The method of claim 19, further comprising designing
the lower roof structure to remain intact in the event of failure
in both the rainfly and secondary roof structures.

33. The data center of claim 19, further comprising cou-
pling an exterior drainage system with the rainfly roof struc-
ture to drain rainwater away from the data center.

34. The method of claim 19, wherein all of the rainfly roof,
the secondary roof structure and the lower roof structure are
watertight.



